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BRDKBADGH, CRAVES. DONOTOE t RAVWOBO 
30 ROCXETELLEK PLAZA 
VW YORK, YORK 10112 



S TO ALL MHOK IT lUY COMCERJir 

Be It known IhAt 1, GERTRUDE F- MTOKARK, * 
cltixvn Of th« United Statcftr r«8ldlfi9 in B*rt»(Ule, 
county of W.SLchester, St«t« of Ke« Jork 
e£fic« Addceas 153 Old Colony Ro»d, Bartad«l«. »«• Yor» 
10 10530, hav« intfantcd an isprevmenc In 

A PROCESS PDB DOPIMC CRYSTALS OP WIDE 
BAMD GAf SEMXCOMDOCIOBS 

Of vhich zhm follovLng la « 

SPBCZriCATIOM 



3.S B^Cngytomm or the ihvEhTIQM 

This inwantion rel«c»a to the pr«per«tion of 
cryatAls of vide band gap aesieonductora fee u«a in 
•laetronlc devieea. 

Aa is kno»n, ctyatala of aesieonductora arc of 

20 graae Intaroat In th« »anufacture of aophiaticAted 
elactronlc devlcea. Tha uaeCul pcopertlaa of 
■ealconductive cryatala dapand not only on th» pacticular 
»e>icoaductor that fortU tha cryatal but alao Importantly 
on tha traca aaounta of donor or accaptor dopanta that at« 

25 incorporated in tha cryatal lattica- Thaao dopanta 

eontrihute tha hols and elactron cfcarga carrlara th*t ara 
tesponaibla for tha uaarul alactronlc prcrperciaa of tha 
ccyatala > 
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With iuny potentially uBeful ■•■iconduetlv* 
cryBtftlar p«Etlc«l«rly cho«« In which th» no»t m«t«ri«l !■ 

•lectroR •olti), »uch ai xlnc ..iMia., It b«Bn 
5 dlMlcult to lBcorpor»t8 into th« cry«tal lattice in 
reproducible Eaehlon adwpj.te aaounta of both type* of 
dopant to prowld. p-n junctional i.e.. both n-type 

and ^cype conductivity. Ju a eonsequenee, it baa not 
been practical to u«« »ueh conductor a widely in 
10 devicea whece bipolar conductivity ia important. 

In particular, although n-cype alnc aelentde ha» 
been available which conduct* -well* (deHned ae having a 
rwalatlvlty equal to or leaa than 10^ ghm-eentlaeter) • 
thli ha* not been Che caae with p-type alnc aelenide. The 
IS atandard practice tos pteparlofl •well-conductlnfl" n-type 
line aelenide Involvea the eatraction of iBpurltiea, auch 
aa copper, by annealing. Such annealing ia known to 
extcact coppwr that la eccldentally introduced during the 
preparation of bulk material. 
20 Hore recently n-type alnc aelenide haa been | 

prepared ueing low teaperature growth Mthoda. »uch aa 
■etal-organo-chemlcal w«pot depoeltlo* (■OCVPI end 
Kolacular beaa apltaay (KBSl with ealact&ve incorporation 
o£ appropflite doj^nts* 
35 However, with reapwct to p-type «inc aelenide. 

It has b^*n difficult to obtain •well-conducting* Mterlal 
reliably in reproducible f.ehton. There have been recent 
elalBS that iuch utarial haa been realized b$ the 
iatre-Suction of LijM. Othara have elalaed to h«»e 
30 obtained it by the Introduction ot gallluC, Indlua or 
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ch«lliuB by UMt treatment and dlffuilon. HcHrtver , Che 
undcrstandins of the»e techntqueB has baen poor vlth the 
ramult that thare ia little confidence in applying theae 
taehaiquaa to coansrclal products. 
S Thara ia needed a ^tter-undetatood technique, 

«unabl« to qood control, for doping nard-to-dope -ide 
band gap avaiconductora. auch as line aalenide, ainc 
aulphid*^ CAdaiuA •ulphidc, cadaiua aelenlde, ainc 
tallurida and diaacnd. 

XO cmoiAPT or m IWVEWTIOM 

Z b«Xieve that energy and aolubiLity 
eanaidarationa Cora the baaic difficulty in incorporating 
particylac dopanca into cryatala of tfte fclnd under 
diacuaalon. Such eon»ideratlon» predict a actong tendency 

15 for eo«pan»*tion between donora and *eeeptora in wide band 
g»p Batatiala. Accordingly, the achievement of adequate 
conductivity will require -non-equilibrium iwjmrity 
incorpor*tlon" . Thla tera maana the incorporation of a 
dopant (ivpurity) in eseeAa of itt equllibriu« aolublllty 

20 at « particular tesperature and concentration of 

ca^naatiD9 apeciac. Aa is al«o known, the aolcbility of 
A dor&er ot an acceptor at a given temperature will 
iBCraaae with an increaae in concentration of coapenaacing 
Bpeciea ao that, la effect, coapenaation increaaea the 

2S aolubility o£ a dopant. 

Moreover to be of practical uae, auch non- 
equilibrium incorporation needa to poralat over reaaonable 
tin* acalea at Cperatlnfl teaperacutaa. ao that the 
nobility of the detlted dopant need* be low enough that 
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CM dop.« r««ln. lock.d in th. cry.t.l l.ttl« a««r th. 
initial BaB-equlllbrtua Incocparatloft. 

V.riou. c#rch«lqu«i «r« fea.lbla for achieving 
non-.«iullibriu- incorporation. T6« .l»pl«t ia to intro- 
5 duc« th. da.ltad dopant .pacia. at a »«p«ratur. vhar. it. 
.obLlUy and Bolubility l« high. -Lth auh.«iu«ni: fa.t 
qu.«hin, to a lo^.r t.aq?aratur. .har. th. ability i- 
lo., to lock cb. dopant in tha lattlc- * «rlant of thl. 
has baen .uggaslad In trhlch th. pref«rred .it. of an 
10 wnphotatle dopant can b. a function of t.^ratur.. Bo-- 
thc>« t«:hfilqua. for achiavlriQ • non-^lUbriua 
eoncntration hav. ba.n of U»lt«3 uaafulna.n. particu- 
larly with r*aptet to wlde-band 9«P mat.rlala that *r« 
difficult to mskc -vell-conductinfl." 
3^5 A faatucc of th. pras.at Inv.ntion I. an 

approach to aohUwln, • non-«iuiIibrlu» eoncntration that 
uaaa con.elou.ly. •Ith optUum pataoeter., phenomena that 
My bava ba«n accld.nt.lly involves in tha pa.t- In "V 
m t.enni9ie. a dealrad prlwry dopant .peciee ia 
20 introduce! Inkb th. awlconductot of Int.ra.t tog.ther t 
.ieh a eoncntration, ptafarably nearly the .am., of a 
•ai«bl. ..condary co-panaatin, apacle.. advantag.ou.ly 
on. motm «bll. at lo«r t.«p*ratu«.. Tha 03iip.n.atin9 
.paeia. act. to Ineraa.a tha .olublUty of th. da.ir-d 
35 dopant ao that the eoncntration Introduced of the d-lrtrd 
dopant My be larQ.r than the «iulllbriu- valu. in the 
«b..nc. of tha cmpanaating .p.cle.. Sub.^juontly , In 
di.elplinwl fa.hlon. th. •or. Dobll. co«pen*attn9 specie. 
l» preferentially re-cved. Introduction oC * cho.en 
3D aobil. COBpen.aUnq .pecie.. o£ a concentration closely 
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«*tchln, th*t of th« a..U.d dop»Dt. will pc.vent or 
r«duc« th« incorpoc.clon of oth.r, p«.tbly l«o •obll. 
eo«p*n«*tlnQ .p.cl«.. In thl. c—. *CMr th« r.iDOv.1 ot 
t^m B«lectBd -obll. coBf-naatlfig .pecl»« the dopant 
5 retaining in th. ho.t cry.t.l »iU b« pt«do«lti«ntly only 
th« de.ired doj-nt •h.reby th. Mt«ri«l umy b« of hiflh 
conductivity o£ th. typ« l-p»ttea by tM d«.lr«a dopant- 

In an lllu»tr»tlve wawplr of « proc«»»» in 
«ecordiinc« »ith ay lnu«ntlon«- a l*y«r of «inc .clenid. i» 
10 dopod i»-typ- -Ith iiitro9e» by liquid «pit*«l«l (LPS) 

qcovth froa « llthiu.-rich ..It. th«' doping «lth nitrog.n 
«,y bo *cnio»«i by using u»>Di« (IIS3) ••••nti^lly in tb. 
Mnncr a«.crib«S Id * p-por •ntltlod -loftlwiion energy of 
tbe .hello- nitrogen eec.pcor Id tine .elenlde- publi.bed 
15 m Pny.l«l R-vl«r vol. 27, llu-b.t 15 F.bco.ry 1983, 
ppe, 2419-2438. ID the resulting leyer* nitrogen i» 
nubetlcttted in nel.niu- .ite. «» en eeeeptor. and lithlu* 
ie incorpot*ted in interetltial eitei lAere it eete ee • 
donor p Subsequent to it. gro-th. the layer is heated to a 
30 teeperature of aboBt goo-C in .Inc «por together -ith 

indii*. gallium or thalliua wpor. This heating tends to 
getter the faeter diffusing llthli» aeleetlwely fro* the 
layer whereby It is left doped prl«rily by nitrogen end 
no is of high conductivity p-type- 
25 If a p-n junction is to be forced, an n-type 

• lAc aelsnld. crystal is u.ed a« the .ub.tr.te in the LPE 
proceo in which the lithium-nitrogen epit.sial layer is 
grown. AiSv*nf g«»u.ly th. cry.«l u.ed th. .ub.trate 
1> n-cyp« by the inclusion, «■ the predoBln.nt dopent, of 
30 a donoc, such ioJlne, chat dlffuM. only .lo-ly in the 
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line ao that littl. o£ it l« lo«t iuring nb« 

llthluB 9etc«iin9 Btttp* 

Additionally, hydrogen can be incrodue.d 
■ImuleancouEly *lth ttw d*»ir«d priaacy dopant in 

S «ubBUntt*Ily •^Ival.nt .aount. auch that th« conc«ncration 

of th« priuty dopant In th» line ■elanid* 1» In excess of 
th« «elubility of cha priaary dopant alona to produca «ithBr 
n-fcypc or p-type Aatarial. Bydro^en may act «a a donot 
iBpuriiy to Goatpanaata p-typ« dopants^ or ace »n acceptor 

10 iapurity to eoapanaata n-typa dopants. la 

•icbar c*»«, tha affactl** solublXlty ot thm d«>icad dopant 
•111 ba incraasad, ud attar prafa^antlal taisaval o£ tha >rf>r« 
»bllft hydrogan. tha r«Utl-lty of «ia aaalcooductor bttU 
will b« lo»rer than that which can ba aehiavad with 

IS introduction of tha dcsirad dopant alone - 

nrgCBTPTTOK ay Tgg bftAWtWC 

Tfta inv«ntlon will ba described In conjuntftion 
with the aecoapanylng drawing »hwt» a p-n diode of 

Zn Se aadc In accordanea with an illu8tr«tl»a awbodiaant 
20 of tha invention. 
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A p-n junction «Idc ■•l*nlde diode 10 including 
l«7«rii 12 *nd 14. «ult»bl« tor u» •» - Xl9tit-eftittlng 
diod«. »boim in thm drawing. Im prepared as follows . 
S Th«r« la «ir»t prepared tha n-type allce 12 ot 

■Lnc ..lenide In fcnoim f»«hlon. Cor WMiple. «• dcscribri 
in a p>par entitled -p-n Junction .ine .ulfo— elenlde and 
sine aalenlde Ilght-a«ittlng diodea* Applied Phyatea 
X«tt«I«. Vol. 27 Ho. a. 15 July 1975 ppa. 74-77. Thia 
10 iReolwe* pf«P*rln« a ainglt cryatal boule o« n-type ainc 
■•Unlda by an iodine transport t*ehniqua, cutting a allea 
parallel to the (111) pl4ne, and annealing the aliee in 
■oltan aioc. the teaulting natarial i» »*d« to haw* a 
rMiativity o£ the order of 0.1 ohm-em., corresponding to 
IS an lodina concentration of becwaen lo" and 10^" per cc - 
mm alice dealrably la about 1 m. tftlck and O-S « 
xadiua . 

Thereafter, there la gtcnm on one aurfaee ot the 
B-eypo allca IJ, an epitaxial p-type l*yar 14. typically 
20 betwcsn 5 and 10 alcrona thick, although mm thinnBr 

layera can be uaed. Thia layer adwantageoualy Is grown by 
LPE to include both liChiua and nitrogen in appropriate 
•winta In the manner daacribed pcewioualy with refecance 
to the Phyalcal iie'lew B paper. Th. aa«»unta added are 
25 beat determined e«p«ri»ent«lly but ahould be adwruate to 
provide, m the epitaxial layer grown, aubatanti-lly equal 
concantratlona ot llthiwa and nitrogen, adwantageou«ly in 
tb. rang* between ID^' and lo" pmt cc^ A- long aa the 
«aounts of each In tha sale are approiimacely equal, 
30 bec.«»e of « = rong ccnpen.atlng affect, in «iich wide band 
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W "y»e«l», »ub.t«otl*lly •qu*l «»une» of th« two 
dopant* wllX b« IntEodueed Into th« ccyatml- 8*c«u«« th« 
pr«.«nc« of th« llthlu» iacTa««ct th. c£e«eti» aolubilitiy 
of tha aittoqan, thara can ba Inttofiuced into the ainc 
5 aalani4a a nomlLy non-aqulllbrlua eoncantratlon, aa 
pravlaualy dUcussad. 

rnmti, la known faihion, tha Itthlu* ia 
prafataatUXly r«Mved fron cba aplta^l*! l»y«r. ThU i» 
faaatbla bacauaa oe tha ■uch lowr .oblllty of nittogan 
10 Aad iodina In «lnc aaXaaida in thla tamparatura ranga- 
tMca raaulta a ^typa apitazlal Uyar with a nitroqan 
eoneaattatlon of about lo" par cc'- A auieabla pfOcad«« 
la CO bsftt tha allea la tha ran«a of bet»r«n eoo-C-looo-C 
1ft aine vapor togathar with altbar indlua, gaXltua, or 
15 thalllM aa aa^aatad la a papar antltlad "Tha variation 
of taaldual livutltlat In Sa Sa cryatali uaed In light- 
aoicting dleda fabrleatlona-, J. Appl- fhyt. 53(3) 
February 1982, ppa. 1248-1250, 

To cvplacc tha diode, a thin X-yer i« of 90ld 
20 la dapoaltad oaar the p-typ« layer to sarve aa one of *tha 
alaetrodaa of the dlod.- h doc IB of Indiaa le 
depoalcad ewar Clia bottoo aarfaca of Che aliee to aarwa aa 
the other olactroda of the dloda. This leavea a 
conalderabla portlea of tha boCtcM aarfaea free for the 
2S axlfc of tha aaltcad light aaclced when «n appropriate 
voltage la applied bet«a«n tha t<» alectrodea. Such a 
diode Mica blue light e£ about 460 ua wavelength, 

Of couree, ether electroifle eoftf Iguratlona ace 
pcaeible. Including ring-ahaped electrode*, to facilitate 
30 Che ailc of the emitted light. 
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Addle iOMlly. «h« principle* of th« lnv«ntVon 
ar« tpplicibl* to th« pr»p*r.tion of devicM u»Ug wid« 
b«nd flap •««leonduetor* other than «inc selenid*. 

A il9ht-Mlttln9 p-n junction diod« can b« 
5 forntd In xinc tellurid« in accordance with an alternative 
■mbodinent o£ the Invantion as follova. 

A p-type cryacal of inte waa grown feoa a Te 
rich aolution by * Btidgwin technlq^ii*. aa diacuaaed in a 
p«pvr endtlvd "SCT and photoluaineacence Study o£ I'i 
10 segregation in Annealed Zinc Tellurid." publiahed In Solid 
Stata Cwmunlcations Vol, 29. ppa- 35-38, Perganon Preas 
Ltd. 1979. 

Then in knotfn faahion. ualng metal-organo- 
cheaical vapor dapoaition IMOCTO) r an n-type epitaxial 

IS l«ycr ia gro%rn on Che top aureaec of the aliee. In thia 
caae. the epitaai*! layer ia doped with chlorine aa the 
primary dopant and llthiua aa the eoBpenaating or 
aceondaty dopant. Chlorine ia a donor in sine telluride 
At a MlluriuB aubatitucio&al slve while llthiua acca aa an 

30 acceptor on a sine •ubatltutlonal alte- Koreover. becauae 
of ita larger ionic slae* chlorine will be leaa aoblle 
than will the lithiuB. 

A> before, the preaanca of the lithit^si will 
pernit the introduction into the apltaaial layer of a 

2S higher concencrttlon of the chlorine than normally 

poaaible, aa diacuaasd above, by Ihcreaalng ita effective 
aolubillty. Agaifif the wounta of each ioereduced into 
rue epitaai*! layer are Mad* to be about equal* 

Tben. the linc telluride aliee ia heated in a 

30 alnc at»oaph«re to r«Bove the fcore mooile lithium 



'i-MC J. J, 
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pr«f»r«ntUUy Cor «z«npl*, i» r.patt.d In ft p*p««: 
»ntitl«d -SDi and photoiuBln»»c«ne« Study of LI 
S«gt«s*tion in Ann»l«d Xlnc T«llwfld«-, Solid Stfttft 
CoBBUniCftEien*. »ol. 29. pp«. 35-3B. P.rfl««n P««i ttd. 
5 1978. Accordingly, chlorln. b«eoa» t^• pr»do«ln*nt 

dopftnc In the .pltaxiftl l*y«r, »h«e«by It becomes n-type. 
AS beforft ftppcoprlfttt clvctredct *r« provided to the 
oppOBlta eutfeeee of the eliee to form the diode. 

In en «lt*tft«clwe e«bodlaeiit of the Inwintlon, 
10 hydeoqen L> mlllied ei e lecondety cOBpeneatU? dopent end 
la eimultaneouely dlCfuaed Into the aeoilcoBductot with the 
dealted prinery dopant at an appropriate tcBperatute. 
Bydro9«n la aleo ampfccterle In that It can be either • 
coftpenaatlng donor or a coiapenaatlng acceptor. A aore 
15 «setensive diacuaalon can be found in Pearton. S-J- et al. 
Appl. Phya. A «» 153 I19B7JI «iid Johnaon* »-«-- « *1 
phya- Lett. 56. 769 (l»86>i Acceptora in CdT. have 

been n.utrallred »ith the introdWCtlon of hydrogen at 
About 3S0-C aa further diacuaaod In Boudoukho, A., et 
20 .1., J. Cryat. Growth 72, 226 (1985). Hydrogen will 
alao act aa a donor when introduced ineo tnO at about ^ 
SOO-700'C aa aore fully diacuaaed In ITiomao. P-C, et al-. 
J. Ches. Phya. 25.1135 (19561. 

iDtreduclpg hydrogen ae a ccnpenaattng dopant 
25 together with the deaiped dopant ieereaaee tha eolubility 
* of the dealred dopant to be greater than tf Introduced 
alon*. Subaequently, the hydrogen ia preferentially 
reeoved and a .Baiconductor having euch reduced 
eoep«ii.atlon of th« d«.ired dop.nt and therefor* »uch 
30 iMr r.slBtlvlty Ib achieved. Thla alternative 
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mab^^Mnfi can yield acceptably lov ce.i.tilvny p-typc 
CdS. CdSa, ins. and inSa. in addltipn to other vida band- 
gap ■«ieonductor» vhieh have a tendency to Incorporate 
doner eompmn%^^or: Koreoyer. the aaoe technique, may alw 
tm uaed to produce acceptably low re»i«tlvlty n-type 
dlanend and InTa, a> •ell aa other .ealconductora which 
haw a tandency to Incorporate acceptor coBpenaatorfi. 

A firat aathod o£ lattpduelnfl hydrc^aft »• » 
..oondary coapen.ating -paclaa and cha da.icad prlwry dopant 
slnultaneou.ly Into th. cryatal atruciuf* ta via tha 3olnt 
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C.ip.r.ca.... For . r.»U- =f aie««.ion t.t c..y. 

.r.. B.C.. .t .1.. -P«l"t i" SOI"..- 

J , .c .1.. M... vol. I. p. 1" 
S »«or«n,ly- . -I*, ran,, ot condition, .nd c«pc»tur« «. 
.»tl.bl« for tb. .l«ult.n«,u. l«rodaeUon ot B .nd • 

EydrogoB .n* th. d..lr.a Ptl"'y 
IKtodue^S .l».U.n.ou.ly iatln, ery.t.X 9»«-th- 
X. r^lr-nt 1. th.. tb. ,rorth t.i^r.c-r. b. .urMcl.ntly 
10. in ordtr to r.t.iB hydrogen In tM .mleooductor . 
«..r.for., . t-p.r.t«. of .pp«.l-t.ly TP.-c or ^Vo, i. 
d..ic.t.l.. ».t -nothor toehnlqu. of .l«lt.n.ou. hydro,.n 
„d dop.nt introduction 1. to «. kno-n ion i«pi.nt.tion 

15 toehniquM. 

„ „ „«i,l., p-typ. xlnc ..l.»ia. «n be produced 

by conv.ntlon.1 -thod. .t ««1 h^h t«per.tur... to -it, 
.00-C or P-typ. .Ine ..Wnid. «y typldly h.v. 

.odi« nt th. in .»>,.tit-tiO».l .it. .nd/of oltro,.- .t the 
20 S. .«».tituti«n.l .it.. »ydroa.n i. .i«.lt.n«u.ly ( 
tntroducd with th. d..ir.d prl-ry .eeeptor dop.« .nd, 
«nd.r t««. circ».t««., .et. li» - «oa« 1-P«'i'» ^''^ 
.ft.cti»lr com--"*" .l»»i"''«»"lV 
.ceeptot l^urtty *nd incr...e. th. .olubillty of the 
« .ce-ptor i.*-rity. TypicUy. P-tyP. .1-- "i"'"' " 
b«=». «...-»y co^n..t«> by donor, .uch .. Group I «t.i. 
,0109 to t« int.t.titi.l ,lt«. Co.p.n«tlo« .i.o occur, if 
cont»i«tln, don=r. .r. „»int.«io«liy introduced into th. 
xinc ..Lhld. .ub.tr«.. B«c.u« hydr=<,.n i. «d. .v.il.bl, 
30 in . r.l.ti«ly.hl,^ coftcentr.tlon. it -111 .ct « . 
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co-p.n.«ln, donor .nd .l,nlf Ic.-tly U-i' -^h. pr.«n« of 
cont«lMtln, donor.. One. th. hy<lro,.n 1. pr.t.t.ml.Uy 
r.«ov.d. p-tn- tine ..l.nld. havin, .ult.bly low 
co.p.n..Uo»-.nd con..,u.ntly , .uit.bly lo« r..l«lvlty. -HI 

S.v,r.l -ethod. .r. known for ..leetlvly te»o«in9 
e«p.«..tln, hydro,.» -MX. .llowln, th. d..lr.d .c«ptor 
or donoi i-purlty to r.Min in tti. .«ilcondaetOE . 7or 
»»{>1.0. th- ■•"rial can t« h,«.d t:o . t«»I-rai:ure 
10 Which 1. .tttWclont to C.U.. r.l.tively rapid out- 

dltf u.ion of hydrogen fro. tfc. -frlal a. compared « 
tA. rate ol out-dlf fu.lon of tfco p^l-ary dopant at the 
.a». oparatur.. t«p«r.t«r» betwen a.»ut 100 to 500-C 
and. »» pr-farably. between .bo»t 150 » «S0-C ar. ,«.erally 
IS effecttva. Th. .<=«.l pr.f.rr«J t-.per.tur. depend, on .any 
£ac«.r. including th. .pecUie prU-ry dopant .peel.. 
„..d. »a. to th. hlqh Ability of hydrogen. It will diffuse 
out while allowln, the I... -obtl. prl»ary dop.»t to remain 
„ rh. .a»lcond«ctor. » t«i¥-r-tur. of approxlMt.ly 2S0'C 
20 ha. been .ho-n to be effective for thl. procedure. 

Other kho-B .ethod. for ..traeting the hydrogen -ay 
be u»d. rot «upl*. • g«tt.rlBg proe.». -ay be u.ed In 
, Which th. ...1 conductor. .«ch p-typ. .mc .el.nide, -ouXd 
b« h.«.d in th. pr...nc. of a «t.l which h« an affinity 
Z5 for hydrogen. In .noth.r »no«n Mthod. th. hydrogen 1. 

r««>«ed through .l.etrlc field induced hydrog.n drift, kny 
Bethod which would reao-. th. hydrog.n without appr.ciably 
r.«»ln, tn. dealred dopan.l.) ~y b. ua.d In accordane. -Uh 
the inw«ntiQ.i- 

30 C«rt«ln «»iconductor wt.ri.l. h.v. coop«nMtion 

problem, -h.n n-typ. dop.n.. .r. lntr«S«.d. Tn«. problem.. 
n*y *U0 bt .U.vUfd by th* MCh«S oC thl. invention. Fo: 
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conductivUr r.-cyp. mx. Mvln, . r..l.tlvlty bel«. 100 

hydtc^.n I. introduces .l.uU.»«>..ly -Itf " .PP"P'l«" 
5 6..ir«l aonor d=p.nt, .uch chlorine. Th. ,«.lco«*u«or i. 
. to cool, .n* th. hydrosen U th« ..tt.ct-d by any of 

.tor.«ntlon.<i ..th-J.. .t . -uch lo«r t,.p«.tar. twn 
th. t«p.r.cur. »t .hi=h tJ.. hydro,.n .nd 4ono' 
«op.nt ... lntroauo.d. Th. r..ultin, n-typ. »«. -Ill 
IP «b.t.nti.lly lo«r eo»p.B..tlon .nd cotr..pondln9ly lo-" 

lasUtlvLty. 

ic •hould b* .»ld«nt thit th« Mste ptlnciplM 
d..erLb.d can b. .Kl.nded to v.tlou. oth.r .y.t— ot .Ido 
tand w -*c«l.l. and .hould b. ot .p.el.1 loterMt to 
15 ..t.clal. that ar. norMlly difficult to dope .d*^.t.ly. 
Baalnlly, as de»crlb«d, by cBooalna an 
.pptoprlat. c=-pen..tin9 p.lr of ptl«ty and ..condary 
dopant., th. a«.unt of prl«ty dopant Inttoduel Into a 
cry.t.l >.y b. lat,et than th. aolublllty of th. prl«ry 
20 dopant m th. cryatal if inttoducd axon.. Tb.r..£t.r ty 
tb. c.»o«l pr.f.r.ntlally of th. a.eondaty dopant. 

typically by takln, advant 1" hlgb.r -oblllty In 

th- ery.taX, th. cry.t.l 1. l.rt -ith a high.r. non- 
«p,lllbrlu« sonc.ntr.tlon of th. ptlaary dopant. Copper 
« and ,old ar. oth.r .x«pl.. o5 lU.ly Choi r u.. a. 

th« ««eendary dcsp»ftt. 

It .hoMld *PS«r.rLt that th. Inv.ivtion 

ot .Uctronlc dc.ic.,. .«c. « tr«.i,.or. .nd injection 
30 iiiers. 
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*ddUion.ny, vhne th-r. h.« be« described 
u.l«, LPE .nd HOCVD tor for.ln, l.^er. 

.,p.„c.. ..Cni^.. r.«i«. mcludi., =ol«-^« 

5 b««a •plt**y 



-1<- 
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1. A ptoce»» for th« nOR-t<ialllbeluni 
lncorpo«tio« of . dop-rvt into . cry.t.1 of . -1^- b.nd 
' . w .«icondac«r c-pri.lng th. .tep. Of treating .h. 
S cry.«l in th. pt..*n« e£ flr.t -nd -cond c-p.n«cl^^g 
eop.«- oC dl«.r«t «bLlU.« for introducing .ub.«n- 
ti»Xly Wl ««nt. of th. t« dopant, into at l#«t - 
portloD ot th. crytal auch tnat th. coac^tc.tion of tb. 
1«„ aobil. 6f th. two dopant, in .aid paction ot tho 
XD crytal i. l« of th. aolubility of th. 1." -obil. 

dopant th.t.ln in th. abaanc. of th. -Dt. -obil. of th. 
c« dopant., and th.n pr.f.r.ntially r««^/ln9 th.r.fro- 
th. «ta wbiXa of th. t« dopant, wh.r.by th«e i. l.fc a 
„on.«Iumbrlu. concntrntlon of th. l.M «bila dopant in 
IS .aid portion of th. cry.tal- 

2. Th. preca of cUin 1 in which the 
,«iConductot 1. .mc Mlenid. and the «»ra -obile dop.*it 
i. litM«i and tha !«•• «»blla dopant is nitrogen. 

3. Th. prm.. of daU l in which the 

20 ..^iconductor i. fine ..l-«ld. ahd th« «r. ««bile dopant 
i. nydrogen and th. l..a wbU. dopant i. nitro,en. 

4. Th. prtcaa of claim 1 In which eh. 
W.-iconductor la ainc t.Uuri.1. .nd ch. «r. «hlle dopant 
i. liehlu- and thi l.aa oobile dopant ia chlorlre. 



1325582 

5. Th. proc... ot cl.l- V I" 
1, «ydro,.n .n. th. 1... -"I*" ^* ehlorln,. 

-op.nt U *c . .ub..itu.io«.l .it. in th. cry.^l- 

7. Th. proc... of for-ln, . p-n Junc,:io.. diode 
i„ . cry.t.l ot . .id. b.nd ,.p .«l=o«*»o"t c-prl.ln, 
th. «t.p« of 

^„ preprin, . cry.t.l of .»leonducrot of 

on. conduclvitv cyp. -nd ,ro-in, on . .«f.e. of the 
cry...l .n .plc«l.l l.y.r th.t Include. . co«p-n...ln9 
p.1. of prl-ry .nd .ecend.ry dop.o« 1« .ub.«ntl.lly 
e,„.I «»unt.. .«h tl..c 0.e co„«n«.t:lon of Uie primary 
IS -op-nt in th. l.yer i. in "l-^^^'X .he 

pri-ry dop.nr in «. l.y« in tn. of «. ..con- 

*..y d,p.n«. -».«. t*. Prl-.ry dop«. ch.r.c«rl..lc of 
th. cond»cti-ity typ. OPPO.IC. cM. of ..id ery.t.l .nd i. 
lo BObil. ci-n th. »eeond«ry dop.nt. .nd 
J J ,«o»in9 ,.l.eti».ly th. .eeond.ry dop.nt 

f.o» the X.yer to it of the .p^.i" conductivity 

type. the dop.nt r.«inln, 1" the l.yer 1. P«d=»i- 

n.«ly th. prlwry dop.nt in . non-equillbriu» 
eone«ntr«tlcn , 
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